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i j^n.mt ^ ^ - mj^^^^^ « i* ^ ^ * n » ^ le. sfc ^ :^ ) 
S 7fe#7fe::^ @ It /WHITE LIGHT LED 

- t If A : (^1 A) 

it'St it t^-ii^f^*FK.^^S] /SOUTH EPITAXY CORPORATION 

>R.^A : ( tX/^X) tmyt/ CHENG, CHAO-YUAN 

^^iH-^J^tSS^^JI^^-itr^epAJ'RyLS^ 16 5!t/N0. 16, DA-SHUN 9 RD. , 
HSIN-SHUN HSIANG, TAINAN SCIENCE-BASED INDUSTRIAL PARK, TAIWAN, 
R. 0. C. 

$- - #a^>^ : (^6 A) 

1. tlp-i«r 1 /HSU, SAMUEL 

2. t^it^/SHEU, JINN KONG 

3. ^3ffea/WU,JUI KUNG 

4. R*.*'tfe/CHEN,TAI YU 

5. -^BS^|/HUANG,CHAO LUNG 

6. Ilp|fl7t/CHENG,CHA0 YUAN 
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1. ^^■^^^S$.m^d^^2/Q¥-2, N0.123, CHING-NIEN RD. . TAINAN. 
TAIWAN, R.O.C. 

2. ^ ^m^^mm^mo wm.iQ, jiangguei village, jiangjyun 

TOWNSHIP, TAINAN COUNTY 725, TAIWAN R.O.C. 

3. i^ifc^JlLa^-itr ttU© 2^338 ^1-4 5!fe/N0. 1-4, LANE 338, JHONGSHAN W. RD. , 
FONGSHAN CITY, KAOHSIUNG COUNTY 830, TAIWAN (R.O.C.) 

4. ^mm^m^&>^H t -^3^ 65 4- 9 !!t/NO. 9, LANE 65, JHONGGANG RD. , 
LINYUAN TOWNSHIP, KAOHSIUNG COUNTY 832, TAIWAN (R. 0. C. ) 

5. ^mm^mn-l^J^Hy'ii^i^^^^ 181-2 Sfe/NO. 181-2,- SEC. 4, YANHAl RD. . 
LINYUAN TOWNSHIP, KAOHSIUNG COUNTY 832. TAIWAN (R. 0. C. ) 

6. ^ ^m^m-¥mAm:h.3^ le w no. le, da-shun 9 rd. , hsin-shun hsiang. 

TAINAN. TAIWAN, R.O.C. 
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yen ' K^^^^w^miHi'^^^ifm 250nm m 490nm m 

yCe,Rey)Al30,2, (Me..,.yEu,Rey)3Si05, YB03:Ce^\ 

YB03:Tb^^SrGa204:Eu'*,SrAl204:Eu^^, 
(Ba,Sr)MgAl,oO,7:Eu2\Mn2\Y203:Eu^",Y203:Bi^", 
(Y,Gd)203:Eu^^ (Y,Gd)203:Bi^\ Y202S:Eu3\ Y202S:Bi^^ 
(Me,.,EuJReS, 6MgO,As205:Mn, Mg3Si04:Mn, 

BaMgAl,oO,7:Eu2^SL (Ca,Sr,Ba)5(P04)3Cl:Eu2",Gd'".m M 



A white light LED is provided. The white light LED 
comprises an exciting light source and a fluorescent powder. 
Wherein the wavelength of the light emitted from the 
exciting light source is between 250nm to 490nm. And the 
fluorescent powder is disposed around the exciting light 
source to receive the light emitted from the exciting light 
source. In addition, the material of the fluorescent powder is 
selected from the group consisting of (Tb3.x-yCexRey)Al50,2, 
(Me,.,.yEu,Rey)3Si05, YB03:Ce3",YB03:Tb'", SrGa204:Eu'\ 
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SrAl204:Eu=^^(Ba,Sr)MgAl,oO,7:Eu2^Mn2^ 
Y,0,:Bi^\ (Y,Gd)203:Eu^% (Y,Gd)203:Bi^\ Y202S:Eu^% 



Y202S:Bi3\ (Me,.,EuJReS, 6MgO, AszOj^Mn, Mg3Si04:Mn, 



BaMgAl,oO,7:Eu'\ and (Ca,S^,Ba)5(P04)3Cl:Eu^^Gd^^ The 
white light LED provides higher luminous efficiency and 
better color rendering index. 
k ^ >^ 'f^ ^ 

SI ^ ' ^ ( i ) 



100 : S7fe^3t::i@^ 



110 : mmmm 
110a : myK 

112a : H — 
112b : Hzij^ii 



120 : #7fe— @ 




it 



122a : mmmm 



122b : ^Mm^ 
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130 
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134 
140 
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5^ — Stg^#/±i^MEg|lr^:^;^a7fe^7fe — ^lii 



[ ^ Hij t'l-J 1 




3fe — l^fi ( LED) 








( GaAs) > Mi-t:^ ( GaN) # ft ' ^ 



$n : ^{fcif ( GaP) ^ -m 









3is^U trj HE 




^fS ^ op 




time) o Itb^ ♦ ^Tfe — @ 



+ m /J^ Bf i-^i. -t ' Rmmmmmm (idling 
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— @fia^H>tm^m;^M7fer^:^^^/^5^ 440nm R 490nm ;^ 



— Tfc^ ' m^m^^UMin-^ 250nm M 490nm 51 Pal ° ^tiP 
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i^imi^mm^mmmtM^yti^^ ' 5. m ^ i& ;^ m m ^ 

(Tb3.x-yCe,Rey)Al50,2, (Me,.,.yEu,Rey)3Si05, YB03:Ce3\ 
YBOjiTb^*, SrGa204:Eu^^, SrAl204:Eu^*, 

(Ba,Sr)MgAl,oO,7:Eu2\ (Ba,Sr)MgAl,oO,7:Mn2", YjOjiEu'", 
Y203:Bi^\ (Y,Gd)203:Eu^^ (Y,Gd)203:Bi3\ Y202S:Eu^", 
Y202S:Bi^^, (Me,.^EuJReS, eMgCASzOj^Mn, Mg3Si04:Mn, 
BaMgAl.oO.viEu^" (Ca,Sr,Ba)5(P04)3Cl:Eu2^,Gd3\ p/f M ^ 

613^^:^/^5^ 440nm S 490nm ;^r0lBf ' m^n^UWWsM 
g (Tb3.,.yCe,Rey)Ai50,2, (Me,.,.yEu,Rey)3Si05, Y203:Eu2\ 
Y203:Bi^^, (Y,Gd)203:Eu^", (Y,Gd)203:Bi'*, Y202S:Eu3", 
Y202S:Bi^^ (Me,.^EuJReS eMgCASjOj^Mn, Mg3Si04:Mn 

250nm M 440nm ;i Pb^ 0f ' ^ 7^ 1^ ;i ^ M 3l ^ (Tb,.,. 
yCe,Rey)Al50,2, (Me,.,.yEu,Rey)3Si05, YB03:Ce^\ 

YB03:TB^", SrGa204:Eu2", SrAl204:Eu2^, 
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(Ba,Sr)MgAl,oO,7:Eu2", (Ba,Sr)MgAl .oO.^rMn"", Y203:Eu-**, 
Y,03:Bi^^ (Y,Gd)203:Eu^^ (Y,Gd)203:Bi^\ Y202S:Eu^\ 



YjOjSiBi^^, (Me,.^EuJReS, 6MgO,As205,Mn, Mg3Si04:Mn, 



BaMgAl.oO.^iEu^^ ^ (Ca,Sr,Ba)5(P04)3Cl:Eu2",Gd3". pjf M 



i£_bat;Zm7fc^ei]MM't'(Me,.,.yEu,Rey)3Si05, > 0<x 



^ 0.8 ' M 0^ y ^ 2.0 ° Itt^f ' Me #^51 g i"? 











250nm 



490nm mi^zft^i^ ' Mltb^Tfe — ® 



la 
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superlattices ' Sl.S)WM BM^^^ltlUB^W 
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\H}7K iiOa» 1.^7fe:::@li^Bit 120 






140 




Tte-SliB^Hit 120 M 





^-g;^ 122a :S. 




122b ' ^^J^SU^S — 



112a 112b 



150 iffflSlit^P^ 110 ;Z.m 




«14iSM'M*tP 130 




^fie^a^T- 120 > 





IS. 



a^an- 120 m^J^lHl/t UOa P3 " 



if ^##^ 1 HI ' #7fc-@fiB^B>t 120 ^ij^noj^tB 

-mmyt 124 . m^^m 130 nrntLummmm^m 132 > ^ 

124 ^U^MM^m 130 ttllt ' M^i^^^ 
^ 124 IIJ# 







^^5^ 132 Ji » . ^^IJ^^^ 124 



132 P9;^m3fe^^^ 










ilM^tti — 134'ft^^S^#3fe 124 



I^^Tfe 134 ;^tM7fe ' STfe^Tfe — @fi ioo{ERimi^— fiTt 










^ ' mm 





ytm^^^mm. 200 mtLu^^t^ 







210 





H^it 220 Sl — ^W 230 ' ^tf^Tfe^^fia^B)^ 220 





^IP 240 M 









I^^lJ$n1#IIWm3fe5^ 232 . 230 



210 l^ — m'A 210a ' 



m 210 mttiii^ ° i^ip 230 
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1^ la ^ iT" 61? aO 





mm^B^-^9bmi^s 




300 ' ]tb*^Rll':i.:^M»e (sapphire) > mitW(SiC) - mit 




(ZnO) ^ 557(Si)SJS - ^<^::^(GaP) ^ (GaAs) 








enucleation layer) 310 mf^iiL'^MB 300 ' ^#3^nJ 

AlJn,Ga,.„.,N(u,v>0;0<u+v<l) ° 

320 ' ^#14 RTi-^lfEffi^lJ^n Al,IndGa,.,.,N 







(c,d>0;0<c+d<l) 






pa 




5: 






Sltb 




^tO^ ^^^ (gallium nitride-based compound semiconductor) 





310 R 





320 ^ :^]itm'¥-^i^.\^J. N iy;^ 



AijnaGa,.,.dN mmmmm 320 » i:x^m'i^m^n.itn^m 



mm 




AC. pp 




PP 








(lower confinement layer) 330 Jf^/^ 





320 ;^±o^pri;^Sl^l4:^#m^^^;^ 



III-V 




71: 




6<J N 3U Al^In^Ga, 
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. N (x,y>0;0<x+y<l; x>cMmf^ ^ N j# fiU M ffl 



x-y 









H — ;^MM(lower confinement layer) 330 ±.M:-W — £ 





(active layer) 340 ' M M M ^ ^ M (light emitting 
layer)340 ° S pJi.:;tS1^3^4:^#M'(-bif HI-V MTtmUit 





340 Rli-M:^^ 







6^ 



Al3lnbGa,.3.bN 



/AlxInyGa,.x.yN 



(a,b>0;0<a+b<l ; x,y>0; 0<x+y<l; x>c>a) i ^ ^ (quantum 

welOl^ti ' l^AM N MM P M ' M N MM P M 











340 Ji MiJ 










(upper 



confinement layer)332 ' ^UP^'^ l^J^U^Mit^^ III-V 







;^ P M AlJnyGa,.,.yN 



(x,y>0;0<x+y<l; x>c) ° P M 







itbS 







340 i^d^ 












3301^ 



III-V m-7t 





^mmm 320 m 





330 ' H 




332 





340 





61]lSi^±iBSW^1^«@ 362 






1 362 6tJ M f 4 i-^l S Cr/Pt/Au - Ti/Al/Ti/Au ^ Ti/Al/Pt/Au 




Cr/ Al/Pt/Au - Cr/Al/Ti/Au > Pd/Al/Ti/Au > Pd/Al/Pt/Au 
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Nd/Al/Pt/Au ^ Nd/Al/Ti/Au > NiAl/Ti/Au - NiAl/Pt/Au ^ 

NiAi/cr/Au m ' ^mmnmrnm^numm^mmm ' m 

mm ' ^E^-^MM 332 ±yjmfjz~mmm 350 » ^ 

43 > 350 i^.^ mMm"?- (carricrymm^ III-V 

Al„In,Ga,.„.,N/AlJnyGa,.,.yN SLS (u,v>0;0<u+v< 1 ; x,y>0; 
0<x+y<l; x>u) o M ltb@ b% t& ^ S'f^^ ffi ^ §1 6^ 1^ ^ 
(modulation doped) > KM:^m^'^ \^^M N P M^ll ' 

' ^mmm 350 ±jf^^— 360 > nun 

MW^M ' '^•J^n Ni/Au, TiN, ?d/Au/Pt/Au # ^ ^ N-M;^ 
^H^lgfll^'f^^ (transparent conductive oxide, TCO) '^Ij $P 
^'f-kiHii(ITO) ^ ^{^HIKCTO) ^ AgIn02:Sn m lUjOjiZn 
# ' ^ P gy^, TCO ^!l$P CUAIO2 ' La CuOS - CuGaOj |S| 
SrCujOj^^ » 

5:^#7fe6U^S:R^IJ$nRr/r;&^ 250nm M 490nm ' ffff^ 

,.yCe,Rey)Al50,2 (Me,.,.yEu,Rey)3Si05 ^fj mj^^M^^ 

^t— ' u.%ikzft'^:z.-¥inmn'^m^ y^Ojieu^*, Y203:Bi^% 

(Y,Gd)203:Eu^^, (Y,Gd)203:Bi^^ Y202S:Eu^\ Y202S:Bi'\ 
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(Me,.^EuJReS eMgO.ASzOj.Mn, Mg3Si04:Mn,^/T/ffi.i^2. 



3 + 



YBO,:TB 



3 + 



SrGa204:Eu 



2 + 



SrAl204:Eu 



2 + 



(Ba,Sr)MgAl,oO,7:Eu2^:SL(Ba,Sr)MgAl,oO,7: Eu^ Mn^^pif M ^ 





BaMgAl,oO,7:Eu2":& (Ca,Sr,Ba)5(P04)3Cl:Eu'",Gcl2" ^ II 1^ 
S,dp^~ , ^ 0<x^ 0.8 ' 0^ 2.0 > M Me 






#5 














[ 





] ( m^myt^l^^lfm 440nm m 490nm ;^rB^ ) 





^ it 






440nm 




490nm ;^rBl6^M7fe#7fe-@^B^H>^B# ' ® ^ ^IJ $0 ^ 



" if # 





4 Bi ' ^^#^^#0^;^^ 




8%;^lo:3fem7fel^ ( (sr,ca)Res:Eu2-^) ' mmy6~mi^^B^ 



mtumih'^MM 470nm ;ZMfe^#7fe » ^mm^m^mm 



Tfc^Tfel^^'J^n oT^m^M^S^ 540nm~ 580nm ;^ fel 
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6.10nm 420 ° :£Mfe^^7fe ^ ^fe^TfelUSlir 

15 tb ^ M m 20% ;t ^ Tfc m Tfc ^ 

( Tb3(Al,Si)50,2:Gd^\Ce^%Y3\Dy3^) f^iS 80%;^ IE ^fe ^ 7^ 
( (Sr,Ca)ReS:Eu2") ' M ^ 7^ — @ It b^s M" $P nj # tB ^ :R 

:^ 450nm ;^Mfe?^^7fe ° miit~M ' ^^^TfeS^tift^ ' a: 

( ^#7fe;^^^:R/r5^ 395nm M 440nni ;^rB^ ) 

mytmytn ( SrAl204:Eu2% (Ba,Sr)2.5Si05:Eu2M , 11 
^Tfe^ ( (Sr,Ca)ReS:Eu2\.Mg3Si04:Mn) Rm.yt^ytB 
( (Ca.Sr ,Ba)5(P04)3Cl :Eu2%Gd^")' Mlifft — 405nm 

^KlttB 460nin 510 ' m^mytm^Mm 

'ik^mmta 520nm r^:^;^l^fe^7fe 520 ' M II ^fe ^ 7^ ^ rI 
^th 610nm '^M^B-^myt 540 ° ith^ ' ^7fe5l^7fe^I'J 
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immm^l C m^ytJ^l^^it^n 250nm S 395nm ;irBi ) 



Miyt'M^B ( (Ba,Sr)2.5Si05:Eu^\ (Ba , Sr )MgAl ,oO,7 : Eu2\ 
(Ba,Sr)MgAl,oO,7:Mn2M ^ Bi^m^tn ( ( S r ,Ca )ReS : Eu2\ 
Mg3Si04:Mn, 6MgO . AS2O5 : Mn^^ l^A :5l M 7^ ^ 7^ 



( (Ca,Sr ,Ba)5 (P04)3C1 :Eu2%Gd^" )> 






& 385nm 








;i^aJS^t>im 510nm m^^^m^'Mj^ 620 ' Mt^Mt^I^^S^ 



mm 450nm 610 ' K^m^m'^i^m 






660nm 640 - mm^W: ytn^^Ai^kW-ytmyt 








^fci 

Bfc m 





3fe ' '^IJ $□ :^ 5^ 365nm 




395nm ^m^'myt^myt ' m 








365nm) 6U^^f5fe^^7fe ' M ^ 7^ 1^ ^ .Bl 7^ ^ ^ 1^ 
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m±pf^^^ ' ^mm^mmm^nm^'^^m^r-n 250nm 



490nm 











7E 



^ If &5 ? 







P 












m tE K P3 
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1 








6 




M H try /h M 




m m M 






^ 5 




m 6 



^ 0^ ;^ m H « M ^iJ ;^ - fl S Tfe ^ Tfe 




100 : ^^m^ 





no : it^R«n*.n 




5^ 



UOa : m/K 



112a- 1^ 



112b 






120 : ^^ZI^^^hK- 



122a : ^MMW. 



122b : 



124 
130 



132 
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134 
140 
150 

200 



210 









210a : IHlyX 



220 
230 
232 
240 
300 
310 
320 
330 
332 
340 
350 
360 
362 
410 
420 
510 
520 
530 









H0 "l)^ 
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540 : ^Z^myt 
610 : Mfe^^ 

620 : m^'^yt 

630 : ^fe^Tfe 
640 : Bl^m^ 
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^ - t * ♦ ^'j a • 

250nm M 490nm ' l^iR 

,.yCe,Rey)Al50,2. (Me,.,.yEu,Rey)3Si05, YB03:Ce3^ 
YBOjiTB'", SrGa204:Eu^*, SrAl204:Eu'", 

(Ba,Sr)MgAl,oO,7:Eu^", (Ba,Sr)MgAl,oO,7:Mn2", Y^OaiEu^", 
Y203:Bi^^ (Y,Gd)203:Eu^% (Y,Gd)203:Bi^\ Y202S:Eu^\ 
Y202S:Bi'^ (Me,.^EuJReS, 6MgO,As205:Mn, Mg3Si04:Mn, 
BaMgAl,oOi7:Eu2":g:(Ca,Sr,Ba)5(P04)3Cl:Eu2\Gd2*mfflJ^;^ 

^mmytW^^^^^MiY^ 440nm M 490nm ^ralBf ' 
m^UWi^^mB (Tb3.,.yCe,Rey)Al50,2, (Me,.,.yEu,Rey)3Si05, 
Y203:Eu^^ Y203:Bi3\ (Y,Gd)203:Eu3% (Y,Gd)203:Bi3\ 
Y202S:Eu^\ YjOjSiBi^", (Me,.,Eu JReS, GMgCAsjOj^Mn, 
Mg3Si04:Mn,^/Tlfi/S^:^i¥^43 5l— " 

250nm S 440nm ' 
S (Tb3.,.yCe,Rey)Al50,2. (Me,.,.yEu,Rey)3Si05, 
YBOjrCe'", YB03:TB'\ SrGa204:Eu2", SrAl204:Eu'% 
(Ba,Sr)MgAl,oO,7:Eu2", (Ba,Sr)MgAl,oO,7:Mn2\ Y203:Eu^\ 
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Y20^:B\'\ (Y,Gd)203:Eu3^ (Y,Gd)203:Bi^\ Y202S:Eu^^ 



Y202S:Bi^^,(Me,.^EuJReS, eMgCASjOj-Mn, Mg3Si04:Mn, 



BaMgAl,oO,7:Eu2":R(Ca,Sr,Ba)5(P04)3Cl:Eu2\Gd^"m/mi^;^ 





cfn 0<x^ 0.8 ' W 0^ 2.0 ° 




■^J Re ^ 








1 mmm^^ytmyt^-m 




3. 




8.— flfiTfe^Tfe — ' M^^^J^ : 



fa ^ ^ ^ 














250nm ^ 490nm fel ; 








3-x 



Ce,ReJAl50,2, 



(Me,.,.yEu,Re,)3Si05, 



YBOjiCe^", 
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YBOjiTB^", SrGa204:Eu^*, SrAl204:Eu'\ 

(Ba,Sr)MgAl,oO,7:Eu2", (Ba,Sr)MgAl,oO,7:Mn2^ Y203:Eu'% 
YjOjiBi^", (Y,Gcl)203:Eu^", (Y,Gd)203:Bi^^, Y202S:Eu^% 
Y202S:Bi^^, (Me,.^EuJReS, eMgCAsjOj^Mn, Mg3 Si04:Mn, 

BaMgAl,oO,7:Eu2^^(Ca,Sr,Ba)5(P04)3Cl:Eu2^Gd^"mMlS;^ 

^^nmyt^^J^'^^Mlfl-n 440nm M 490nm ;^ fe^ Bf ' mm 
y6 m U m i^s m ^ (Tb3.,.yCe,Rey)Al50,2, (Me,.,. 
yEu,Rey)3Si05, Y203:Eu'\ YjOaiBi^^, (Y,Gd)203 :Eu'", 
(Y,Gd)203:Bi^^, Y202S:Eu^^ Y202S:Bi3^, (Me,.^Eu JReS, 
6MgO,As205,Mn, Mg3Si04:Mn, pjf m. ^ M m M ^ ^ 

" o 

^ B Z U n i^. m ^ (Tb3.,.yCe,Rey)Al30,2, (Me,.,. 
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yEu^Rey)3Si05, YBOjiCe'^, YBOjiTB'^, SrGa204:Eu'^ 



SrAKO.iEu^*, 



2^4 



(Ba,Sr)MgAl,oO,7:Eu 



2 + 



Y203:Eu 



(Ba,Sr)MgAl,oO,7:Mn^^, 
(Y,Gd)203:Eu3^, (Y,Gd)203:Bi'", Y202S:Eu'", Y202S:Bi 



3 + 



(Me,.,EuJReS, 



6MgO,As205:Mn, 



Mg3Si04:Mn 



BaMgAl.oO.^iEu'":^ (Ca,S^,Ba)5(P04)3Cl:Eu2^Gd^"p/r ffl 
0<x^ 0.8 ' M 0^y^2.0 " 




8 mmm^^&yt^^ 







8 iim5tt;^S7\i#3fe — 





iL 









250nm 




490nm 





H0 
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3- 



,.yCe,Rey)Al50,2. 
YBO.:TB'\ 



(Me,.^.yEu^Rey)3Si05, 



YBOniCe^", 



SrGa204:Eu 



y X y/J 3' ~3 

SrAl204:Eu^^ 



(Ba,S^)MgAlloO,7:Eu2^ (Ba,Sr)MgAl,oO,7:Mn2^, Y203:Eu^\ 



3 + 



Y,03:Bi3\ (Y,Gd)203:Eu3", (Y,Gd)203:Bi^\ Y202S:Eu 



3+ 



2V-'3 



Y202S:Bi^^, 



(Me,.,EuJReS, 



6MgO,As205:Mn, 



Mg3Si04:Mn, 



BaMgAl,oO,7:Eu 



2+ 



(Ca,Sr,Ba)5(P04)3Cl:Eu^\Gd2" ^^1^^^^^^^ 



440nm 




490nm 




Tfe ^ # W # g (Tb3-x-yCexRey)A15012, (Mel-x- 



yEuxRey)3Si05, Y203:Eu3 + , Y203:Bi3 + , (Y,Gd)203 :Eu3 + , 
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(Y,Gd)203:Bi3 + , Y202S:Eu3 + , Y202S:Bi3 + , 



(Me 



I - 



,EuJReS, 6MgO,As205,Mn, S: Mg3Si04:Mn,mM)^;^:^ 




^'^'Mm^^^Z'^Mlf^n 250nm 




440nm 




Tfe^;^^^^^^^ (Tb3-x-yCexRey)A15012, (Mel-x- 
yEuxRey)3Si05, YB03:Ce3+, YB03:TB3+, SrGa204:Eu2+, 



SrA1204:Eu2 + , 
(Ba,Sr)MgA110O17:Mn2+, 



(Ba,Sr)MgA110O17:Eu2+, 



Y203:Eu3+, 



(Y,Gd)203:Eu3 + , 

Y202S:Bi3+, 

Mg3Si04:Mn, 



(Y,Gd)203:Bi3 + , 
(Me,.^EuJReS, 



Y203:Bi3 + , 
Y202S:Eu3 + , 
6MgO,As205..Mn, 



BaMgAl,oO,7:Eu 



2 + 



(Ca,Sr,Ba)5(P04)3Cl:Eu2^Gd2"mm^;^:^i¥^4';^ 




17 Jimii!t;ie7fe#7fe-@^ ' 



0<x^ 0.8 ' rfn 0^ y ^ 2.0 «> 





22.$n^iR#^yfE 



17 mmm^&y6myt=-m 





Re -f^ii git ^ $$0 ^ 1^ ^ M 







layer superlattices) 



jz.m'mmmmMnm 





>I^M (strained 
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TCO (transparent conductive 

oxide) ' ^-mm^n.j^M.itmmino) ^ mit^m 

(CTO)^ ZnO:Al^ ZnGa204 > Sn02:Sb> Ga203:Sn^ AgIn02:Sn 
|S| In203:Zn'^ P M^^MJt CuA102 ^ LaCuOS > NiO ^ CuGa02 
|Si SrCu202 » 

M^mmu^um^'j^^'^^^m.itm (sapphire) > mitw 
(sic) > mitmzno) ^ ^(si)sts ^ ^f-bif (GaP) - m^itm 

(GaAs) o 

— ' ^ zj'^i^ ^ (quantum well)|p^ ° 

ita^ ' AlalnbGal-a-bN / AlxInyGa 1 -x-yN ' 

a,b>0;0<a+b<l ; x,y>0; 0<x+y<l; x>c>a ° 



28 



12278twf.doc/006 



n^mmmmm^un^'j^^'^t^ cr/pt/Au > ti/ai ^ 

Ti/Al/Ti/Au > Ti/Al/Pt/Au ^ Ti/Al/Ni/Au - Ti/Al/Pd/Au ^ 
Ti/Al/Cr/Au > Ti/Al/Co/Au > Cr/Al/Cr/Au > Cr/Al/Pt/Au ^ 
Cr/Al/Pd/Au ^ Cr/Al/Ti/Au ^ Cr/Al/Co/Au > Cr/Al/Ni/Au > 
Pd/Al/Ti/Au ^ Pd/Al/Pt/Au ^ Pd/Al/Ni/Au ^ Pd/Al/Pd/Au > - 
Pd/Al/Cr/Au > Pd/Al/Co/Au ^ Nd/Al/Pt/Au > Nd/Al/Ti/Au ^ 
Nd/Al/Ni/Au ^ Nd/Al/Cr/Au Nd/Al/Co/A ^ Hf/Al/Ti/Au - 
Hf/Al/Pt/Au ^ Hf /Al/Ni/Au > Hf/Al/Pd/Au - Hf/Al/Cr/Au - 
Hf/Al/Co/Au - Zr/Al/Ti/Au > Zr/Al/Pt/Au ^ Zr/Al/Ni/Au ^ 
Zr/Al/Pd/Au - Zr/Al/Cr/Au - Zr/Al/Co/Au ^ TiNx/Ti/Au ^ 
TiNx/Pt/Au ^ TiNx/Ni/Au - TiNx/Pd/Au - TiNx/Cr/Au ^ 
TiNx/Co/Au TiWNx/Ti/Au ^ TiWNx/Pt/Au - TiWNx/Ni/Au ^ 
Ti WNx/Pd/Au ^ TiWNx/Cr/Au - TiWNx/Co/Au > Ni Al/ Pt/Au - 
NiAl/Cr/Au - NiAl/Ni/Au > NiAl/ Ti/Au > Ti/NiAl/ Pt/Au ^ 
Ti/NiAl/ Ti/Au ^ Ti/NiAl/Ni/Au - Ti/NiAl/Cr/Au •» 
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350 
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340 
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